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CHARACTERIZATION OF ENGINEERING MANAGEMENT OF
STATE OF INDEPENDENT ELEMENTS OF PLANT ENGINEERING
SYSTEMS BASED ON CARRIER ETHERNET

Sivak w. [.
National University of Life and Environmental Sciences of Ukraine

For a long time, SDH/PDHethnologies served as the basis for engineering
management as an independent element of system engineering [1]. However, the
analysis of foreign experience [2] of development indicates an active transition to
packetoriented technologies (Carrier Etheraatd MPLSTP) [3].

The need for a uniform way of transmitting data led to the development of
Ethernet technology, which formed the basis of the IEEE 802.3 standard.
However, Ethernet technology did not have data transmission synchr@igm
1)). This ledto the impossibility of guaranteed and timely delivery of data packets.

A number of technologies over Ethernet have been developed to address the
shortcomings, but many of them have a high implementation cost. In the early
2000s a new technology has appelr Carrier Ethernet (CE), or carriefass
Ethernet [4]. A distinctive feature of CE technology from other caoless
technologies is the presence of standardized OAM mechanisms (Operation,
Administration, Maintenancé& operation, administration andamtenance) to
achieve key management goals.

[Yield mapping| Data handling Location sensing
Data transfer]| Monitoring [l[Data storage GPS  ||DGPS—correction signals
]
— o =
E"__G
& PO
Chip card
Telemetry
GSM

D)

[ [ | l
Cutting width |[In/out of work|[Working meters| Moisture|| Yield || Losses
Area sensing | Data sensing

Fig. 1. Components for local yield detection in a combine harvester.
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The technical committee within the framework of CE technology describes
solutions for effective network management and, based on the @éwkions,
provides endo-end fault management (Fault Management), performance
management (Performance Management), configuration management
(Configuration Management), as well as monitoring of performance parameters
(Performance Management) across midtipterconnected networks.

Each of the listed types of management has its own set of functions [3], the
totality of which allows you to manage faults, network performance and
configuration, as well as manage the interaction of several networks.

In networls built on the basis of CE technology, there are three domains
(levels): a reference domain (core), an access domain (access), and an aggregation
domain (aggregation) [5]. CE technology generally refers to an access domain and
an aggregation domaifig. 2.

radiometric
G.S\M. sensor

light barrier
spout
."\\‘i\
4 radorsensor 3
capacitive materiol speed |
moisture sensor

DGPS receiver interchangeable
mounting unit

DAQ-system
NIR
sensor moisture

torque sensor
blower
B
)

distance
’/=\ @
sensor —/ sensor —/

feederrolls
speed torque rodgrsensor
feederrolls cracker vehicle speed

L4~

Fig. 2. Sensor configuration for mass flow detection in a forage combine.

Engineering management will become an independent element of the
system engineering of the Russian industry is built on the basis of ddhete
model [1] with the allocatio of: the transport level, the aggregation level and the
access level. Moreover, the aggregation level provides termination, summation of
subscriber traffic and connection to the transport level of the data transmission
network between different accessdémetworks.

Since, in accordance with [1], when choosing equipment for engineering
management, the requirements for the openness of the applied telecommunication
technologies and their compliance with departmental and international standards
must be impleented, Carrier Ethernet technology must ensure the compatibility
of such equipmentAt the moment, there are no clear rules for defining the
boundaries between the levels of engineering management and become
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independent elements of the system engineeahghe agrarian industry.
Depending on the features, these boundaries vary widely.
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GENERAL PROVISIONS FOR EFFICIENCY OF OPERATION OF
GRAIN HARVESTERS

Shatrov R. R.
National University of Life and Environmental Sciences of Ukraine

The enterprise's provision of harvesters and the level of their use
significantly affect the gss harvest of agricultural crops, since late harvesting
leads to significant losses of the grown cfp It is known, for example, that
grain losses reach 28% due to a delay in harvesting grain ears fei2@ays.
Delaying the harvest of sugar beetan lead to a complete loss of the harvest due
to the onset of frosts, which make harvesting imposgRjle Therefore, it is
economically beneficial for entrepreneurs to have such a number of harvesters
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that will ensure the harvesting of crops at themal time[3]. The actual supply

of agricultural enterprises with harvesters is characterized by an indicator of their
number by type per 1,000 ha of harvested area or the inversethatisize of the
harvested area of a certain crop with the availabl@ber of harvesters of the
corresponding typgt].

In 2021, 30,000 grain harvesters worked in agricultural enterprises. One
grain harvester accounted for 250 hectares of grain sowing, which is significantly
more than in previous years (by 1.8 times). Timgufficient supply of grain
harvesters leads to large annual losses of grain, approximaetyilbon tons. If
such losses were not allowed, then, by selling this grain at world prices (say, at
120 US dollars per 1 ton), it would be possible to obaairadditional 720 900
million dollars of income and with these funds to purchase more than 6 thousand
combine harvesters for their annual needs of 7,000 (@jtsHowever, the
assessment of this indicator must be carried out taking into account the
productivity of combines, which is constantly growing in their new modifications.
For example, modern domestic and foreign grain harvesters are significantly more
productive than the old brands of these machines ("Niva", "Kolos",-IT389").
Therefore, therevas a natural tendency to increase the harvested area per
harvester.This factor is taken into account by the indicator of the degree of
provision of agricultural enterprises with harvesters. It is determined by the ratio
of their actual availability to #n normative need of enterprises for harvesters,
which is calculated according to the formula

€

where™Yi harvesting area afulture, ha;"Yi the duration of crop harvesting,
during which crop losses are not allowed, d&y$ variable production rate, ha.

At large agricultural enterprises, the majority of crops are harvested
according to current technology, thanks to which the terms of harvesting work are
reduced, therefore, crop losses are reduced, and savings akedchie to the
elimination of auxiliaryoperations At the same time, as practice and scientific
studies of a number of economists and technologists show, the greatest effect of
flow technologies is achieved by group use of machines and optimal supply of
harvesters with vehicles.

The efficiency of combine harvesters is determined by indicators of
intensity, productivity and economy. Intensity indicators include the number of
machinedays worked by one combine and separately maattinaged per
season. Theyare calculated by dividing the machidays (machinehifts)
worked by a certain type of combine by the average seasonal number of combines
(both those that worked and thosehich did not work).The productivity of
harvesters is determined by such indicatas the number of harvested hectares
per harvester per season, by macldag and machinshift. The first of the
named indicators is calculated by dividing the harvested area by a certain type of
combine harvesters by their average seasonal quahgtgetond two indicators
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are calculated by analogy with the only feature that the denominator takes worked
machine days (machine shifts).

For grain harvesters, such important productivity indicators as the volume
of grain threshed by one harvester per @easer machine day, and one machine
shift are also determined. In order to calculate these indicators, the numerator is
operated on the received grain in the bunker weiljit. economic efficiency of
combine harvesters is judged by the indicators of gosé of 1 ha of harvested
area and fuel consumption for the same area. In particular, the cost price of 1 ha
of harvested area is determined by dividing the sum of all costs for the operation
of harvesters of a certain type (wages of workers of the aggemmplex with
accruals, depreciation, fuel and oil, repairs, transportation costs) by the harvested
area. Fuel consumption per 1 ha of harvested area by the "Slavutich" harvester at
a yield of 4548 tons of grain from 1 ha is 18.2 I, and, say, by thedible310"
harvester at the same yield6.8 .

Analyzing the work of the harvester park according to the considered
indicators, it should be remembered that the indicator of the number of machine
days worked by one harvester to a certain extent chamegethe duration of
harvesting the corresponding crop in the farm. Therefore, it is expedient to
evaluate the performance of harvesters of the corresponding type according to this
indicator from the standpoint of the established terms of harvesting ¢ipiswcd
taking into account productivity indicators. Taking this into account, for a
generalized assessment of the level of utilization of the enterprise's harvester fleet,
it is possible to use the integral indicatorcalculated by the expression

‘ v 0
. O 0D

where”Y i the optimal period of crop harvesting, day3i the actual period of
crop collection, daysQ1 the actual area harvested by the harvester per daylight,
ha;"O i production ratdor 1 hour, hap i normative duration of work of the
harvester during the daylight hours.

As of 2014, many enterprises had an insufficient level of supply of wood
or other types of harvesters. An extremely negative phenomenon on the domestic
market & combinesprimarily grain combines, is that a large number of them are
imported annually. It should be borne in mind that in the European market, six
giant companies control 97% of the combine harvester market and 76% of the
tractor market, that is, theorld agricultural machinery industry is characterized
by a significant increase in the concentration and monopolization of production.
However, there is every reason to believe that the domestic industry is capable of
fully meeting the needs of agriculadrenterprises in grain harvesters. Thus, the
only specialized plant in Ukraine for the production of grain harvesters, OOO
NPP "Khersonmash" is capable of producing 1.5 thousand units annually with
state support. Grain harvesters. This would make it ples attract about 200
industrial enterprises to cooperation and additionally create 15,000 jobs. side
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placesBy 2012, the plant produced an improved "Slavutich" harvester, which is
more productive and reliable than its predecessors.

In 2011,21 such havesters belonging to the mechanized brigade of MTS
of the State Food and Grain Corporation of Ukraine (GP ZKU) were collected in
the Kherson region in two weeks. 8.2 thousand ha of early grains, that is, the daily
productivity of one combine was 28 hadahcould harvest up to 40 ha.

A new grain harvester "Skyf" has been constructed at the plant, using the
most modern domestic and foreign krbaw. In 2011, one of the modifications
"Skyf-230" and "Skyf230 A" already received a patent for industrial prctebn.

The plant completely switches to the production of these and other modifications
of the "Skyf" harvesters, namelythe "SkyfTukano 440" harvest with a
capacity of 912 kgk. Grain harvesters are also produced at other plants in
Ukraine (KharkivPlant named after Malyshev, Pavlograd Mechanical Plant).

The problem of increasing the capacity to produce our own grain harvesters
remains extremely relevant for Ukraine. In order to meet the technological needs
of farmers in these combines, accordingrémious estimatest is necessary to
supply 67.5 thousand of them annually to the village. units, and therefore Ukraine
has to import a large amount of this equipment. In other words, we support not
our own, but a foreign producer, and bear significacial losses for this.

The methodology for determining the technological need for grain
harvesters, taking into account their high productivity, requires clarification.
According to the calculations of some economists, they do not need 75 thousand.
units,and at least half as much. The need for such a clarification is also dictated
by the fact that in Ukraine, new forms of organizing the collection of grain crops
are introduced, which will be discussed further beldtwis important that
domestic grain haesters are significantly (many times) cheaper than foreign
brands "John Deer", "CASE 2166" and other analogues, and in terms of technical
and operational characteristics, Ukrainian harvesters are not much inferior to
foreign ones, and in some parametars even superiofThe practice of using
domestic harvesters has shown that they are more reliable than their foreign
counterparts on weedy, wet fields and on steep slopes. Moreover, domestic grain
harvesters are universal and can harvest corn, sunflonegrfodder crops. By
using them, the problem of providing spare parts disappears, and this reduces the
cost of maintenance and, consequently, the cost of cleaning work. There are
grounds to assert that the new "Skyf" combine harvesters are capable of
succesfully competing withforeign analogues in terms of all key performance
and reliability parameters.

It is important to note that in order to determine the advantages of one or
another model of the harvester, it is necessary to focus not only on its gurchas
price and individual technical and economic characteristics, but also on the cost
of threshing 1 ton of harvest. After all, this indicator reflects the price of the
combine, operating costs, cost of spare parts, and reliability. According to some
reports the cost of threshing 1 ton of grain with KBSL "Slavutich” combines
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is 7 dollars, while "John Deer'9500- 17 dollars, "Claas Dominator'15.5
"Massey Fearqusson M#D "(Canada) $16. Despite the high productivity of
domestic and foreign combinaivesters, many agricultural enterprises with a
relatively small land area are economically unprofitable to purchase one or
another type of combine harvester (one harvester can harvest up to 40 hectares of
grain in a day). In this regard, the interstate ascombine harvesters, which are
individually or jointly owned, is of particular importance. MTSmachine
technology stations still play a significant role in the organization of cleaning
work.

The State Food and Grain Corporation of Ukraine (GPZ Kd)atestrates
the modern organization of grain harvesting taking into account the geographical
factor. In 2011, its machinechnology station managed and controlled the work
of 500 harvesters, each of which was equipped with-G&R&jation, using the
GPSmontoring system. This made it possible to control the harvesting process,
avoid downtime, observe the harvesting schedule, and save money. In addition to
grain harvesting on the corporation's lands, its 17 teams (the teams include
combine harvesters, meches) drivers) carry out harvesting in the fields of
agricultural producers who do not have or lack their own grain harvesting
equipment (contract pricdJAH 300 per 1 ha)The corporation plans to purchase
up to 2,000 more. harvesters (the total fleehafvesters will be 2.5 thousand
units). This will allow gathering not by one column from the south to the center,
and then to the north and west, but by two. Such a practice of grain collection,
which takes into account the geographical factor, is effeciivsignificantly
reduces the need for harvesters, shortens harvesting time, and, consequently,
minimizes grain losses, and reduces costs per unit of harvested area.
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PECULIARITIES OF DETERMINING PARAMETERS
OF TECHNICAL CONDITION OF GRAIN HARVESTERS BY VIDEO
ENDOSCOPY DIAGNOSIS

ShvydunO. V.
National University of Life and Environmental Sciences of Ukraine

Mo st measurements wer e pwarkigoitedne d i
inline- four-cylinder engine, naturally aspirated with a total displacement of 1995
cm® (84 mm bore, 90 mm stroke, geometric compression ratio 10, four valves per
cylinder). The engine operated with stoichiometric fuel/air ratio and hadysdrt
injection with load being controlled by variable valve lift and phasing. Actuators,
ignition, and injection were managed by the production engine control unit
(ECU), to which we had reaout access only. On the endoscopically accessed
flywheetlside glinder the crankangle resolved pressure was measured in the
cylinder, intake, and exhaust. The fueling system used the production injectors,
but the endoscopically accessed cylinder had a separate fuel supply, such that it
could be operated on surrogditels without unknown fluorescing compounds.

All measurements were performed in continuously fired operation.

The engine was operated at 2000 fnid bar indicated mean effective
pressure, with maximum intake and exhaust valve lifts of 2.2 and 9.7 mm,
regectively. Ignition occurred aB 4 . 5 ACA. Il n this paper,
be compression tegead center, i.e., crank angles during intake and compression
are negative.

In addition to experiments in this inlink(14) production engine, we also
acquied auxiliary image sequences of combustion chemiluminescence in two
singlecylinder engines: First, our fully optically accessible Sl engine, which has
cylinder parameters very similar to the 14 production engine, including reduced
valve lift; second, in @& endoscopically accessed singidinder motorcycle
engine at the IFKM in Karlsruhe (Rotax 650 %rh00 mm bore, 83 mm stroke,

CR 10.8, 4 valves, about 9 mm valve lift). Operating conditions were not identical,
but similar enough for the qualitative comigan that will follow. Details can be
found in [1].
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Figure 1schematically shows the geometry of engine and opieisle 1
andTable 2give keys to filters and other elements that were interchanged between
different experiments, andigure 2gives an overview of the most important
spectral features in emission and detection. More detail can be found in [2].

- . Detection & b
Production engine endoscope 8

1.5mJ 266 nm
ICCD
Fig. 1. Enginesandoptics. For numbered elements, e Tables 1 and?. ai

Two-color trecer-LIF and smultaneous aniste-LIF / OH*-CL, b T endosopic
combuston imaging,ci combustion maging in theoptical engire.
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Fig. 2. Spectral overview of ensson and detection. (a) Toluene and anisole
LIF at different temperatures, and transmission of the filters used fecdigo
detection. (b) anisole LIF, chemiluminescence (CL), and filter transmission for
OH*-detection (and simultaneous anisole LIF). Chectrum from|[1] for
conditions similar to current ones.

Two variants of tracer LIF were used: (i) Taolor tracefLIF and (ii)
simultaneous anisole LIF / OHmaging. Refer td-igure Ja andFigure 2 and b.
A frequencyquadrupled Nd:YAG laser, supplying 266 nm pulses with
1.5mJ/pulse at a maximum repetition rate of 10 Hz, excited LIF of 20% toluene
or 2.5% anisole dissolved in the base surrogate fuelasame [3] The laser input
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port, 12 mm in diameter, was located between and below the intake runners [4].
The lightsheet forming optics were mounted in a bushing and consisted of a
cylindrical telescope laterally compressing the beam and, closest to the
combustionchamber, a negative cylindrical lens forming a vertically diverging
sheet [5]. A sapphire window (thickness 3 mm) protected the assembly against
the cylinder pressure.

As shown in Figure 2a for a few seleded temperatures, with increasing
temperdure the s@dra of both anisole and toluene exhibit a spedra red-shift.
By measuring the signal from two suitably chosen spedral regions (ficolorso) the
temperature can be determined from the spedral ratio. For quantitative
thermometry, thesignal ratio of thetwo spectral regions then needs to be related
to the correspondinggas-phase temperaure by cdibration. This cdibration is
far from trivia and was not satisfactory at the time of writing, thus we will
limit the discussionto an overview of raw image quality, which still provides
interestinginsights. The detection port was collinear with the crankshaft and had
a minimum diameter of 12 mm. A thin titanium bushing with a pfiesspphire
window of 2.7mm thickness providedrgssure sealing. The front endoscope
projected a real intermediate image onto a field lens, from which it was imaged
onto the detector by a refractiadfractive relay lens. This diffractive element
employed here is designed to provide chromatic correétion 275 350 nm

For two-color tracefLIF, a beam splitter mounted in between the endoscope
and the relay reflected light above 310 nm onto an intensified CCD yielding an

i mage from the Aredo part of the LI F ¢
30 nm was detected by an ident-pasal cC a
filters further constrained the spect

fluorescence not originating from the tracer, for example, from engine oil. A long
pass filter blockedeflected laser light. Both cameras were gated for 300 ns
bracketing the laser pulse.

For simultaneous aniseldF / OH*-imaging, the same basic arrangement
was used, but with different filters and intensifier gates. Sindggase 2 shows,
anisole LIF and OH!CL spectrally overlap, a beam splitter distributed 50% of the
collected light onto each camera. Anisole LIF was separated from stray laser light
by a longpass filter, while CL originating from OH* was detected thtoadané
pass filter with the camera gate-exten
detection gate.

The arrangenm for combustion imaging, summarizen Figure 1b, and
Figured and ¢, was much simpler. A singl
chemiluminescence, either from the field lens of the endoscope (in the production
engines), or directly from within the combustion chamber (in the optical engine).
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PECULIARITIES OF DETERMINING PARAMETERS
FOR TECHNICAL CONTROL OF TECHNICAL CONDITION
PARAMETERS OF SELF-PROPELLED SPRAYERS

Liubchenkd. S.
National University of Life and Environmental Sciences of Ukraine

The selfpropelled variable height crop sprayer was used in this research.
The sprayer consisted of a mainfraftig engine[2], hydraulic systenj3], and
spraying mechanisid]. The frame raterial was mild steel (material grade SAE
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4130). The length and width of the mainframe were 2845 mm and 1017 mm,
respectivel\f5]. The engine size of the sprayer was dg@ngine (model 2105D)

[6]. The sprayer was equipped with a batepgrated hydrdic system (model
12161308L), to control the up and down movement of the spray boom. The spray
mechanism of the sprayer consisted of the liquid tank, pumps, boom, and nozzles.
The liquid tank capacity was 300 L. There were four spray pumps (model BYT
7A111) with four filters (56mesh size) in the sprayer to generate the maximum
discharge of 22 L/min. The length of the horizontal boom was 6 m and there were
eight hollow coe nozzles (ASIHC 8 0 0 2, 7$nmYyaethelsfrdy boof).

The flow rate of the naze was 0.8 L/min at 3 bar pressurée field experiments
were carried out in the cotton crop,
73A04Nj13n E). The test was perfor med
such as plant height, plant to plamgtdnce, row to row crop distance, and plant
population were 6070 cm, 20 cm, 60 cm, and 36,000 plant/a@spectively. An

ar ea o #0nmwasselected with crop in uniform height and growing ways,

to reduce the effect of leaf area index on droplgecage. To ensure the sprayer
travels stably, water channels were removed from the field before the experiment.
To ensure sampling uniformity, watsensitive papers (WSPs) were fixed at the
top of the plant canopy. The experimental area was dividedhrae blocks, 10

m buffer zones were provided between t
dividedintol?Zpl ot s (each for one trial). Eacl
plot, there were seven crop rows, among seven crop rows. WSPs were fixed at
three crop rows (Row 1, Row 4, Row 7), and each row was 2.2 m &paril)

In each row, two WSPs were fixed along the traveling direction, spacbdb

(Fig. 1). Therefore, there were six WSPs in each plot. To avoid drift pollution, a

5 m buffer zone was also provided between the plots. Hatiwas repeated three
times (3 blocks). The spray was started and stopped 5 m away from the trial plot
to achieve the uniform spraying.

Water-sensitive
paper

\
D

20 em 2.2m

Row-1

20 cm
Row-7

Fig. 1.Experimental plan for each plot.
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In all spray trials, freshwater was used as a spraying liquid. The forward
speed of the sprayer was calibrated manually using measuring tape and a
stopwatch. The spray height above the plant canopy was controlled with a
hydraulic system and measured with measuring tape before each trial. The spray
pressure was regulated usingr@ssure regulation valve and measured with a
pressure gaugeAfter nearly 3040 s of spraying, WSPs at each plot were
collected and stored in a separate labeled sealed bag, the label describing spray
treatment, replication, and location information. Imimaésly after collection
sampling bags were placed into a liginbof seal box and transported to the
laboratory for analysis. In the laboratory, the WSPs were scanned usinglpi600
scanner, and droplet deposits were analyzed Depositscan software.

Deposiscan software was used to measure the droplet deposits in the digital
image and analyzed the droplet density, coverage percentage, and VMD. When
software starts, first open the ImageJ window then the user is required to scan the
WSP. After scanning, the mge is converted into ant8t grayscale image. In the
next step, to activate the command Acc
area for analysis, th&nalysisfeature in ImageJ is used. The results are generated
as the percentage area coveredhgydpots and the total number of spots. In the
last step, the software calculates the droplet size such as DV1, DV5, and D9, DV1
indicates that 10% of the volume of spray is in droplets smaller than the expressed
values, DV5 means that 50% of the volumesjofay is in droplets either smaller
or higher, DV9 reveals that 90% of the volume sprayed is in droplets smaller than
the given values. A DV5 was used as VMD in this stuglggression models,
including the studied parameter (forward speed, spray herghspaay pressure),
were developed to predict the response variali)¢$3). Theexperimentesign
and results, where run No. 8, 11, 12, 14, and 15 are for sets of center tests to
estimate the experiment error and all other run No. are for factorial tests

Dropletdensity=+181.227995.73083X11 1.94256X,1 3.17500Xs. (1)
Coveraggercentage+142.3509712.91750X11 1.76378X>+0.01315X2.  (2)

VMD =+333.54708 18.29958X 11 1.34617X21 5.58542X3+0.836250X:2. (3)

In all the above equationX; is the forward speed in km/IX; is the spray

height in cm, andXs is the spray pressure in the bahr.this study, the RSM
approach presented a change in the droplet density, coverage percentage, and
VMD, caused by a change in forward speed, spray heigtitspray pressure at
the 3D surface with high accuracy as a graph containing many small pixels. The
results conclude that the droplet density and coverage percentage decrease as
speed and height increase and pressure decreases. The VMD decrease as speed
and height increase. On the other hand, VMD increase in small fraction as
pressure increases. The model data was accur&évasues were greater than
0.8 for droplet density, coverage percentage, and VMD. The optimized
parameters were 6Kn/h, 60 cm, 4 ar for fungicide application, and 8 km/h, 70
cm, 3 bar for insecticide and herbicide application. The predicted response
variable values at the optimal conditions were 60.4 droplét/cm2 7 %, 230 Or
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fungicide and 37.8roplet/cni, 19. 1%, 2 Zdgticide afdnherlficade i n
application. The actual response variable values at the optimal condition for
i nsecticide and herbicide ap?®pli2dattioom
1.72%, 227.43 N 1.22 Om, and the pred|]
for droplet density, coverage percentage, and VMD, respectively. Because
prediction errors are |l ess than N10% s
reliable for experimental results. The RSM could be a suitable approach to study
the optimal conditionsOptimization of spraying parameters is important to
improve the effectiveness of spray while reducing spraying cost, application time,
and spray losses to the environment. Furthermore, this study can provide support
for further optimizing the parameterttbe sprayer.
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